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Specification 

1. Name of the Invention 

METHOD FOR PRODUCING MULTILAYER CIRCUIT BOARD 

2 . Claims 

A method for producing a multilayer circuit board, 
comprising the steps of: 

forming copper oxide films on both sides of an 
intermediate layer, a circuit pattern being provided on the 
intermediate layer; 

coating the copper oxide films with one or two 
or more silane compounds represented by a general formula 
RSiX 3 where R represents a variety of organic functional 
groups; X represents a hydrolyzable group coupled with the 
silicon atom); and 
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laminating a prepreg sheet on the resultant 
printed circuit board and applying pressure on the prepreg 
sheet to form the multilayer circuit board. 

2. Detailed Description of the Invention 

The present invention relates to a method for 
producing a multilayer circuit board, and more particularly 
to, a method for producing a multilayer circuit board in 
which adhesion between each layer of the multilayer circuit 
board is enhanced., 

A copper foil is typically provided as an 
intermediate layer used for adhesion between a prepreg and 
an internal layer in the multilayer circuit board. An 
attempt to enhance adhesion between the copper foil and the 
prepreg is conventionally made in the following way. Both 
sides of the copper foil are made as rough as a matte 
surface (rear side). Alternatively, a cuprous film is 
provided on a surface of the copper foil by a cuprous oxide 
treatment, or a cupric film is provided on a surface of the 
copper foil by a black copper oxide treatment. 

The roughened copper foil roughened on both sides 
requires more cost, and stability of the roughened sides 
thereof is insufficient, compared with a typical copper foil 
roughened on a single side. Moreover, although the cuprous 
oxide treatment and the black copper oxide treatment are 
commonly applied to a surface of the cupper foil, the copper 
foil is less resistant to hydrochloric acid and the ability 
of the copper foil to adhere is decreased after being 
treated with acid solution. Further, there is a problem in 
that the copper foil does not very effectively adhere to a 
resin having less ability to adhere such as a polyimide 
resin and a silicone resin. 
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In view of the above-described problems, an objective 
of the present invention is to provide a method for 
producing a multilayer circuit board in which a plating 
solution is prevented from permeating a plated-through hole, 
thereby improving reliability of conductance between each 
signal layer. 

To this end, the present invention provides a method 
for producing a multilayer circuit board which comprises the 
steps of forming copper oxide films on both sides of an 
intermediate layer, a circuit pattern being provided on the 
intermediate layer; coating the copper oxide films with one 
or two or more silane compounds represented by a general 
formula RSiX 3 where R represents a variety of organic 
functional groups; X represents a hydrolyzable group coupled 
with the silicon atom) ; and laminating a prepreg sheet on 
the resultant printed circuit board to form the multilayer 
circuit board. 

As the copper oxide treatment used in the present 
invention, the above-described cuprous oxide treatment or 
black copper oxide treatment is typically used. The present 
invention is not limited to these treatments. 

Examples of the silane compound, which is used in the 
coating of the intermediate layer and is represented by the 
above-described general formula, includes y 

glycidoxypropyltrimethoxy silane , f}- 

(3,4, epoxycyclohexyl ) ethyltrimethoxy silane , y- 

aminopropyltriethoxy silane, Y" ureide P ro Py ltriethox y silane, 
y-chloropropyltrimethoxy silane, vinyltriethoxy silane. A 
silane compound most suitable for a resin material is 
selected. 
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As a method of coating the intermediate layer, an 
aqueous or ethanol solution containing 1-10% of the above- 
described silane compound is prepared, and an intermediate 
layer which has been subjected to the copper oxide treatment 
is immersed in the solution followed by drying at 50-100°C 
to remove the solvent. 

Examples of an available substrate resin include 
epoxy, polyester, and the like which are typically used; and 
polyimide, silicone, 1 , 2-polybutadiene, and the like which 
have relatively less adhesion between layers. These are 
typical thermosetting resins for the substrate which most 
effectively adhere to a resin having a lesser adhesion force. 

Hereinafter, Examples of the present invention will 
be described. 

Example 1 

A plate of an epoxy resin having copper foil on both 
sides thereof and having a thickness of 0.4 mm was prepared. 
The plate was immersed and boiled in an aqueous solution of 
5% sodium hydroxide and 1% potassium persulfate at a liquid 
temperature of 100°C to form a cupric oxide on the surface 
of the copper foil of the plate. 

Thereafter, the resultant plate was immersed in an 
aqueous solution having 5% Y-g 1 y cidox YP r °Py 1 * trimethox y 
silane (A- 187 manufactured by Nippon Unika) followed by 
drying at 100°C for 15 minutes to remove moisture. The 
plate was then coated with an epoxy silane coupling agent. 

Two pieces of epoxy prepreg (R1661 manufactured by 
Matsushita Electric Works, Ltd.) having a thickness of 
0.1 mm were laminated on each of the upper and lower sides 
of the plate thus obtained (total four pieces of the epoxy 
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prepreg are used). Thereafter, a pressure of 40 kg/cm 2 was 
applied to the resultant plate while being heated at 170°C 
for 60 minutes, thereby forming a multilayer substrate. 

The multilayer substrate thus formed was cut and 
divided into rectangles having a size of 20x40 mm. Ten 
drilled holes having a diameter of 1.0 mm were provided in 
each divided substrate at arbitrary positions. The 
resultant divided substrates are called test pieces. 

Each test piece was immersed in 10% hydrochloric acid. 
Permeation of the solution into the test piece was observed 
so as to examine resistance to acid. As a result, no 
permeation of the solution was recognized as indicated in 
The Table below. Thus, a satisfactory result was obtained. 

On the other hand, another multilayer substrate was 
produced in a similar way, except that the epoxy copper foil 
plate was not treated by the above-described silane coupling 
agent (RSiX 3 ). Test pieces having the same dimension were 
subjected to a hydrochloric acid immersion test similar to 
that described above. As a result, permeation of the 
solution was not observed for first 30 minutes but was 
observed after 40 minutes as indicated in The Table below. 

Example 2 

A plate of a polyimide resin (R4770 manufactured by 
Matsushita Electric Works) having copper foil on both sides 
and having a thickness of 0.4 mm was prepared. A surface of 
the copper foil of the plate was subjected to a black copper 
oxide treatment similar to that described above. Thereafter, 
the resultant plate was immersed in an aqueous solution 
having 5% Y" ureide P ro PY ltrimethox Y silane (A- 1160 
manufactured by Nippon Unika) followed by drying at 100°C 
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for 15 minutes to remove moisture- The plate was then 
coated with an epoxy silane coupling agent. 

Two pieces of polyimide prepreg (R4670 manufactured 
by Matsushita Electric Works, Ltd.) having a thickness of 
0.1 mm were laminated on each of the upper and lower sides 
of the plate thus obtained (total four pieces of the epoxy 
prepreg are used). Thereafter, a pressure of 50 kg/cm 2 was 
applied to the resultant plate while being heated at 170°C 
for 180 minutes, thereby forming a multilayer substrate. 
The multilayer substrate was then cured at 200°C for four 
hours . 

Subsequently, from the multilayer substrate thus 
formed, test pieces were obtained in a similar way to that 
described in Example 1. The test pieces were subjected to a 
hydrochloric acid immersion test similar to that described 
above. Similar to Example 1, permeation of the solution was 
not observed as indicated in The Table below, thereby 
obtaining a satisfactory result. 

Another multilayer substrate was produced in a 
similar way, except that the polyimide copper foil plate was 
not treated by the above-described silane coupling agent. 
Test pieces having the same dimension were subjected to a 
hydrochloric acid immersion test similar to that described 
above. As a result, permeation of the solution was observed 
after 20 minutes as indicated in The Table below. 
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Table 



Immersion 
time (min) 
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Example 2 
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O •••• acceptable (no permeation) 

x—not acceptable (peel occurs between layers due to 
permeation) 



As described above, in the method of this invention 
for producing a multilayer circuit board, the copper oxide 
film is formed on both sides of the intermediate layer, a 
circuit pattern being provided on the intermediate layer. 
The copper oxide films are coated with one or two or more 
silane compounds (RSiX 3 ). A prepreg sheet is laminated on 
the resultant printed circuit board and pressure is applied 
on the prepreg sheet to form the multilayer circuit board. 
Thereby, there is no permeation of plating solution in 
plated- through holes as shown in Table. It is thus possible 
to improve the reliability of conductance between each 
signal layer. 
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